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[57] ABSTRACT 
A photo eyepiece for endoscopes comprising at least 
two cemented lens components, i.e., a ?rst cemented 
lens component and a second cemented lens compo 
nent, having a large numerical aperture and, in spite of 
this merit, corrected very favorably in characteristics of 
spherical aberration, lateral chromatic aberration and 
curvature of ?eld. 

4 Claims, 4 Drawing Figures 
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PHOTO EYEPIECE FOR ENDOSCOPES 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention: 
The present invention relates to a photo eyepiece for 

endoscopes which is usable for both observation by 
naked eyes and photographing with a camera attached 
on the side of said eyepiece. 

(b) Description of the Prior Art: 
In observation through an endoscope, diopter is gen 

erally adjusted for matching with observer’s visual acu 
ity by displacing the eyepiece along the optical axis. For‘ 
photographing an image transmitted through an image 
transmitting optical system with a photographic camera 
attached to the eyepiece, it must always be set at a 
pre-determined position since it serves as a photograph 
ing lens. For this purpose, the eyepiece is displaced 
toward the rear side until it is set at the pre-determined 
position for photographing. When a photo eyepiece is 
used as an eyepiece, an observer is likely to keep his eye 
rather apart from the eyepiece, and an image formed 
with a bundle of optical ?bers is dark on its circumfer 
ential portions since said bundle has such a characteris 
tic as to make light intensity distribution high at the 
central portion where rays are almost parallel. There 
fore, a photo eyepiece must beso designed as to have a 
large numerical aperture and, at the same time, be free 
from aggravation of flare due to coma caused by such a 
large numerical aperture. 
Though optical ?bers conventionally had large diam 

eters, they have recently been gradually thinned for 
asuring high image resolution on end surfaces of optical 
?ber bundles. It is therefore required to assure minimum 
aberrations over the entire range of an image formed 
with a photo eyepiece, especially by favorably correct 
ing spherical aberration, lateral chromatic aberration, 
and further curvature of ?eld so favorably as to obtain 
a highly ?at image. Further, since rays are diversed 
while transmitting through an image transmitting opti 
cal system of an endoscope, an eyepiece therefor must 
have a numerical aperture several times as large as that 
of an objective lens. The eyepiece will have a narrow 
depth of focus accordingly. 
Through the defect due to such a narrow depth of 

focus can be compensated by the adjusting function of 
observer’s eye in observation, said defect poses a prob 
lem in photographing and, therefore, curvature of ?eld 
must be corrected more favorably. 

SUMMARY OF THE INVENTION 

In view of the foregoing, a general object of the 
present invention is to provide a photo eyepiece for 
endoscopes which has a large numerical aperture and in 
which various aberrations such as spherical aberration, 
lateral chromatic aberration and curvature of ?eld are 
favorably corrected. . 

The photo eyepiece for endoscopes according to the 
present invention comprises at least two cemented lens 
components, i.e., a ?rst cemented lens component and a 
second cemented lens component; said ?rst cemented 
lens component being arranged on the extreme object 
side and said second cemented lens component being 
arranged on the image side as compared with said ?rst 
cemented lens component; and/or meniscus lens com 
ponent having negative refractive power which is ar 
ranged on the extreme image side. Said meniscus lens 
component having negative refractive power and ar 

47,285,578 

20 

25 

30 

35 

45 

50 

55 

2 
ranged on the extreme image side may be said second 
cemented lens component which is arranged on the 
extreme image side or an additional meniscus lens com 
ponent having negative refractive power which is ar 
ranged on the image side as compared with said second 
cemented lens component. ‘ 

The photo eyepiece according to the present inven 
tion is further characterized in that it satis?es the condi 
tions enumerated below: 

wherein the reference symbols are de?ned as follows: 
v1‘, and v1": Abbe’s numbers of the positive and nega 

tive elements respectively of the ?rst cemented lens 
component 

V2,, and v2": Abbe’s numbers of the positive and nega 
tive elements respectively of the second cemented 
lens component 

R: radius of curvature on the surface located on the 
extreme image side (on the image side surface of 
the second cemented lens component when it is 
arranged on the extreme image side or the image 
side surface of an additional meniscus lens compo 
nent when it is arranged on the extreme image side) 

f: focal length of the photo eyepiece as a whole 
In the photo eyepiece according to the present inven— 

tion, the ?rst cemented lens component is arranged on 
the extreme object side and the second cemented lens 
component is arranged on the image side as compared 
with said ?rst cemented lens component so as to satisfy 
the condition of v1,,—v1,,>v2p-v2,,, i.e., in such a way 
that difference between Abbe’s numbers of both the 
elements of the ?rst cemented lens component is larger 
than that between Abbe’s numbers of both the elements 
of the second cemented lens component. Both lateral 
and longitudinal chromatic aberrations are favorably 
corrected by such a composition. Speaking more con 
cretely, lateral chromatic aberration can be corrected 
favorably by arranging the ?rst cemented lens compo 
nent on the extreme object side, however, longitudinal 
chromatic aberration cannot be corrected ‘suf?ciently 
with said cemented lens component. In order to correct 
the residual chromatic aberration, the second cemented 
lens component is provided and both lateral and longi 
tudinal chromatic aberration are favorably corrected at 
the same time by the fact that interrelation of difference 
between Abbe’s numbers of both the elements of the 
?rst cemented lens component relative to that between 
Abbe’s numbers of both the elements of the second lens 
component is de?ned as speci?ed in the condition (1). If 
the interrelation in Abbe’s numbers deviates from the 
range de?ned by the condition (1), longitudinal chro 
matic aberration will .be overcorrected. 

Further, in the photo eyepiece according to the pres 
ent invention, a meniscus lens component having nega 
tive refractive power is arranged on the extreme image 
side and the surface located on the extreme image side 
is so designed as to have a radius of curvature within a 
range of 0.35f<R<O.55f. Curvature of ?eld is cor 
rected by arranging this meniscus lens component hav 
ing negative refractive power on the extreme image 
side, whereas spherical aberration as well as astigma 
tism are corrected, ‘and good symmetry of coma is ob 
tained by selecting radius of curvature on the surface 
located on the extreme image side within the range 
de?ned by the condition (2). If the upper limit of the 
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condition (2) is exceeded, spherical aberration will be 
undercorrected. If the radius of curvature R is smaller 
than the lower limit de?ned by the condition (2), in 
contrast, spherical aberration will be corrected favor 
ably but astigmatism will not be corrected favorably 
and coma will be made asymmetrical. 

Furthermore, the photo eyepiece according to the 
present invention is so designed as to have a front focal 
point before the lens system and a rear focal point after 
the lens system for reserving a long distance to the end 
surface of the optical ?ber bundle and a long distance to 
the eye point when the photo eyepiece is to be used as 
an eyepiece. 
The photo eyepiece according to the present inven 

tion is further characterized in that it additionally satis 
?es the following conditions which are effective to 
make it a more preferable photo eyepiece system: 

(6) 1.5f<R2<3.5f 
wherein the reference symbols are de?ned as follows: 
R1 and R2: radii of curvature on the cemented surface 

of the ?rst and second cemented lens components 
respectively 

N1" and Nlpz refractive indices of the negative and 
positive elements respectively of the ?rst cemented 
lens component 

Nzp and N2”: refractive indices of the positive and 
negative elements respectively of the second ce 
mented lens component 

The condition (1') is defined for correcting lateral 
chromatic aberration more favorably than the condition 
(1) already described. 
The condition (1’) is effective for favorably correct 

ing lateral chromatic aberration while favorably cor 
recting longitudinal chromatic aberration. In a photo 
eyepiece system for endoscopes, principal rays pass 
through the ?rst cemented lens component at high por 
tion apart from the optical axis and through the‘ second 
cemented lens component at low portion relatively near 
the optical axis. Therefore, the ?rst cemented lens com 
ponent can correctboth the lateral and longitudinal 
chromatic aberrations simultaneously, whereas the sec 
ond cemented lens component has a correcting function 
for longitudinal chromatic aberration only. In this case, 
lateral chromatic aberration is corrected favorably by 
selecting a larger difference between Abbe’s numbers of 
both the elements of the first cemented lens component 
within a range of v1p~vin>25. If vlp-vln is smaller 
than 25, it will be impossible to correct lateral chro 
matic aberration suf?ciently. In said case, longitudinal 
chromatic aberration is undercorrected though it is 
corrected together with lateral chromatic aberration. 
Therefore, the difference in Abbe’s numbers of both the 
elements of the second cemented lens component is 
selected within a range of tap-V2,, <25 so as to favor 
ably correct residual longitudinal chromatic aberration. 
If v2p—v2,, exceeds 25, longitudinal chromatic aberra 
tion will be overcorrected. ‘ 
Though the condition (2) remains the same as that 

already described above, the photo eyepiece according 
to the present invention can correct spherical aberra~ 
tion, meridional astigmatism and coma more favorably 
when said photo eyepiece satis?es the conditions (3) 
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4 
and (4) in addition to the condition (2) mentioned 
above. In the photo eyepiece according to the present 
invention, spherical aberration is corrected by the func 
tions allotted to both the cemented surface R1 of the 
?rst cemented lens component and the surface R which 
is located on the extreme image side. In case where 
spherical aberration should be corrected with the ce 
mented surface R1 alone, meridional offaxial spherical 
aberration will be corrected relatively best for the 
lower rays, rather pretty for the principal rays and 
scarcely for the upper rays, thereby producing coma. If 
spherical aberration is corrected with the surface R 
alone, in contrast, meridional offaxial spherical aberra 
tion will be corrected best for the upper rays, rather 
pretty for the principal rays and scarcely for the lower 
rays, thereby producing coma in the direction reverse 
to that produced when meridional offaxial spherical 
aberration is corrected with the surface R1 alone. When 
both the surfaces R1 and R serve for correcting spheri 
cal aberration as is the case of the photo eyepiece ac 
cording to the present invention, however, meridional 
astigmatism and coma can be corrected favorably while 
spherical aberration is favorably corrected at the same 
time. Smaller radii of curvature on the surfaces R1 and 
R, and larger differences between N1,I and N11, will be 
more effective for correcting spherical aberration. If 
R1, R or NIH-‘NIP is larger or smaller than the upper 
limit of the condition (2) or (3), or the lower limit of the 
condition‘ (4), spherical aberration will be undercor 
rected. If R1 or R is smaller than the lower limit of the 
condition (2) or (3), in contrast, astigmatism will be 
aggravated and coma will be made asymmetrical 
though spherical aberration will be corrected favor 
ably. 
The condition (5) and (6) are required for correcting 

curvature of ?eld more favorably with a negative me 
niscus lens component which is arranged on the ex 
treme image side. Though the photo eyepiece accord 
ing to the present invention is designed so as to satisfy 
the conditions (3) and (4) in order to correct spherical 
aberration more favorably, these conditions de?ne the 
?rst cemented lens component consisting of a negative 
element and a positive element in such a way that said 
negative element should have a high refractive index 
and said positive element should have a low refractive 
index, thereby aggravating curvature of ?eld. For pre 
venting curvature of ?eld from being aggravated, the 
second cemented lens component is so designed as to 
comprise a positive element having a high refractive 
index and a negative element having a low refractive 
index as de?ned by the conditions (5), reversely to the 
elements of the ?rst cemented lens component in the 
photo eyepiece according to the present invention. 
Further, refractive powers of the positive and negative 
elements of the second cemented element are kept at 
high levels on the orders of 2f and —f as in the condi 
tions (5) and (6) respectively for favorably correcting 
curvature of ?eld. If the refractive power of the positive 
or negative element is lower than the lower limit of the 
condition (5) or (6), it will be impossible to correct 
curvature of ?eld so favorably as required for a photo 
eyepiece. If the upper limit of the condition (6) is ex 
ceeded, in contrast, spherical aberration will be remark~ 
ably aggravated though curvature of ?eld will be cor 
rected favorably. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a sectional view illustrating the compo 
sition of an embodiment of the photo eyepiece accord 
ing to the present invention; 
FIG. 2 shows graphs illustrating the aberration char 

acteristics of the Embodiment 1; ' 
FIG. 3 shows a sectional view illustrating the compo 

sition of another embodiment of the present invention; 
and 
FIG. 4 shows graphs illustrating the aberration char 

acteristics of the Embodiment 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 and FIG. 3 illustrates some preferred embodi 
ments of the photo eyepiece according to the present 
invention which comprises a ?rst cemented lens compo 
nent arranged on the extreme object side, two lens com. 
ponents each consisting of a single positive element and 
a second cemented lens component, said photo eyepiece 
system having the following numerical data: 

Embodiment l 

f= 1.0 
r0 = as 

. d0 = 0.652 no = 1.51633 v0 = 64.15 

r0’ = 00 

d0’ = 0.368 
= —1.0522 

d1 = 0.108 n1 = 1.78472 v1 = 25.71 
r2 = 1.7816 

dz = 0.434 n; = 1.53113 v2 = 62.44 
r3 = -0.8659 

d3 = 0.024 
r4 = w 

d4 = 0.217 n3 = 1.71300 v3 = 53.89 
r5 = 2.2460 

d5 = 0.024 
r6 = 1.1113 

d6 = 0.287 n4 = 1.71300 v4 = 53.89 
r7 = 3.9609 ' 

d7 = 0.024 
rg = 0.8587 

d3 = 0.275 n5 = 1.71300 v5 = 53.89 
r9 = 2.7982 ' 

‘ d9 = 0.119 mg = 1.59210 v6 = 35.29 
r10 = 0.4687 

N.A._ = 0.225 20: = 6' 

Photographing magni?cation: 7.5x 

Embodiment 2 

f = 1.0 

r0 = so 

do = 0.440 no = 1.51633 v0 = 64.15 
m’ = so 

do’ = 0.719 
r; = —4.7024 

d1 = 0.341 n] = 1.78472 v; = 25.71 
r2 = 1.2123 ' 

d2 = 0.302 n; = 1.64% v; = 60.09 
r3 = ~1.4684 

_ d3 = 0.016 

r4 = 2.8125 

d4 = 0.146 n3 = 1.7131!) 113 = 5389 
r5 = —5.3611 

d5 = 0.016 
r5 = 0.8105 

d6 = 0.188 n4 = 1.713(1) v4 = 53.89 
r7 = 1.5196 ' 

d7 = 0.016 
r5 = 0.8504 

d3 = 0.174 n5 = 1.72600 v5 = 53.56 
r9 = 2.0343 
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-continued 
. Embodiment 2 

d9 = 0.080 n6 = 1.58267 v6 = 46.33 
r10 = 0.4323 

N.A. = 0.225 20: = 5.6' 

Photographing magni?cation: 5X 

wherein the reference symbols r1 through no represent 
radii of curvature on the surfaces of the respective lens 
elements, the reference symbols d1 through d9 designate 
thicknesses of the respective lens elements, the refer 
ence symbols n1 through n6 denote refractive indices of 
the respective lens elements and the reference symbols 
v1 through v6 represent Abbe’s numbers of the respec 
tive lens elements. 
The embodiments comprise a prism 2 which is ar 

ranged between an optical ?ber bundle 1 and the photo 
eyepiece as illustrated in the drawings. In the numerical 
data speci?ed for the embodiments, the reference sym 
bols m and r0’ therefore represent radii of curvature on 
both the surfaces of said prism, the reference symbols 
do and d0’ designate thickness of said prism and airspace 
formed between said prism and the ?rst lens compo 
nent, and the reference symbol 1 denotes distance as 
measured from said optical ?ber bundle to said prism. 
The curves shown in FIG. 2 and FIG. 4 visualize aber 
ration characteristics of the Embodiments as including 
those of said- prism. Further, the reference symbols R, 
R1 .and R2 used in the conditions correspond to rig, r; 
and r9 respectively used in the numerical data, the refer 
ence symbols N11,, NM, Nzp and NZ" correspond to n2, 
n1, n5 and n6 respectively and the reference symbols v1 P, 
v1”, 112;, and V2,, correspond to v2, v3, v5 and v6 respec 
tively. Furthermore, the above-mentioned numerical 
data are speci?ed as those for the photo eyepiece when 
it is set for photographing condition. When said photo 
eyepiece is to be used as an eyepiece, the lens system is 
displaced toward the prism 2 and the reference symbol 
do’ therefore has a value smaller than that de?ned in the 
numerical data. As is clear from the foregoing descrip 
tions and the aberration characteristics shown in the 
forms of curves in the accompanying drawings, the lens 
system according to the present invention can compose 
photo eyepiece for endoscopes which has a large nu 
merical aperture and, in spite of this merit, in which 
various aberrations such as spherical aberration, lateral 
chromatic aberration and curvature of ?eld are favor 
ably corrected. 
We claim: 
1. A photo eyepiece for endoscopes comprising a 

positive cemented meniscus lens component having a 
concave surface on the object side, a positive lens com 
ponent, a positive meniscus lens component having a 
convex surface'on the object side and a negative ce 
mented meniscus lens component having a convex sur' 
face on the object side, and said photo eyepiece system 
satisfying the following conditions: 

(2) 0.43f<R<0.47f wherein the reference symbols 
up, and v1" represent Abbe’s numbers of the posi 
tive and negative elements respectively of said 
positive cemented meniscus lens component, the 
reference symbols V2P and v2” designate Abbe’s 
numbers of the positive and negative elements re 
spectively of said negative cemented meniscus lens 
component, the reference symbol R denotes radius 
of curvature on the surface located on the extreme 
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image side and the reference symbol f represents 
focal length of the photo eyepiece system as a 
whole. 

2. A photo eyepiece for endoscopes according to 
claim 1 satisfying the following conditions (3) through 
(6): 

(6) 2.0f<R2<2.8t‘ 
wherein the reference symbol R1 denotes radius of cur 
vature on the cemented surface of said positive ce 
mented meniscus lens component, the reference symbol 
R2 designates radius of curvature of the cemented sur 
face of said negative cemented meniscus lens compo~ 
nent, the reference symbols N“) and N3" denote refrac 
tive indices of the positive and negative elements re 
spectively of said positive cemented meniscus lens com 
ponent, and the reference symbols N21, and N2” repre— 
sent refractive indices of the positive and negative ele 
ments respectively of negative cemented meniscus 
lens component. ‘ . 

3. A photo eyepiece for endoscopes according to 
claim 2 having the following numerical data: 1 

[r = 1.0] 

d1 = 0.108 n] = 1.78472 v1 = 25.71 

r2 = [*1 1.7816 

d2 = 0.434 n; = 1.53113 v2 = 62.44 

r3 = —0.8659 

(13 = 0.024 
1'4 = no 

d4 = 0.217 n3 = 1.713(X) v3 = 53.89 

r5 = —2.2460 

d5 = 0.024 

r6 = [~1 1.1113 

d5 = 0.287 n4 = 1.71300 114 = 53.89 

r7 = [—] 3.9609 

d7 = 0.024 

r3 = [—] 0.8587 

d3 = 0.275 1 n5 = 1.713% v5 = 5389 

r9 = [—] 2.7982 
n6 = 1.59270 v6 = 35.29 (19 = 0.119 
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8 
-continued 

r10 = {-10.4687 
1' = 1.0 N.A. = 0.225 

[Photographing] Photographing magni?cation: 1.5x 

wherein the reference symbols r1 through r10 represent 
radii of curvature on the surfaces of the respective lens 
elements, the reference symbols d1 through d9 designate 
thicknesses of the respective lens elements and airspaces 
therebetween, the reference symbols n1 through n6 de~ 
note refractive indices of the respective lens elements 
and the reference symbols in through v6 represent Ab 
be’s numbers of the respective lens elements. 

4. A photo eyepiece for endoscopes according to 
claim 2 having the following numerical data: 

= -4.7024 

d1 = 0.341 n1 = 1.78472 w = 25.71 
r2 = [—] 1.2123 

d2 = 0.302 n; = 1.64111) v2 = 60.09 
r3 = —l.4684 

d3 = 0.016 
r4 = {-12.8125 

d4 = 0.146 n3 = 1.713(X) v3 = 53.89 
1'5 = -5.3611 

d5 = 0.016 
r6 = [—] 0.8105 

d6 = 0.188 n4 = 1.71300 v4 = 53.89 

r7 = [—] 1.5196 
d7 = 0016 

r3 = [—] 0.8504 
d3 = 0.174 n5 : 1.72600 v5 = 53.56 

r9 = [—] 2.0343 
d9 = 0.080 n6 = 1.58267 v6 = 46.33 

r10 = {-10.4323 ' 

f= 1.0 NA. = 0.225 20» = 5.6’ 

Photographing magni?cation: 5X 

wherein the reference symbols r1 through r10 represent 
radii of curvature on the surfaces of the respective lens 
elements, the reference symbols d1 through d9 designate 
thicknesses of the respective lens elements and airspaces 
therebetween, the reference symbols n1 through n6 de 
note refractive indices of the respective lens elements 
and the reference symbols v1 through v6 represent Ab 
be’s numbers of the respective lens elements. 
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